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Intracerebral inoculation  into mice of non-neurotropic  strains  of influenza virus is 
followed by a  rise  in  viral  hemagglutinin  (HA)  and  in  specific complement-fixing 
antigen  in  brain  tissue  without concurrent increase  in  infectious  titer  (1,  2).  The 
HA activity arises in a  single cycle which follows a  slope similar  to that observed 
for the  corresponding  strains  in  "one-step  growth curves" in  chick  embryos.  The 
yield at the termination  of the rise period varies in proportion to the amount of virus 
inoculated.  The increase  has  been  calculated  to be  as  great as  400-fold. A rise  in 
HA titer occurs only if the inoculum  consists predominantly of infectious  virus  as 
indicated  by a ratio infectious  titer/HA titer (IDs0/HA)  of the order of 106. Inocu- 
lation of virus of low IDs0/HA ratio, whether derived from mouse brain or from chick 
embryos (3), is not followed by an increase of any viral activity. The HA activity 
of mouse brain  extracts  can  be demonstrated only after destruction  of hemaggluti- 
nation inhibitors  by the action of the HA itself or of receptor-destroying  enzyme  of 
Vibrio cholerae (RDE). Once unmasked  in this manner,  the HA activity can be ad- 
sorbed on fowl erythrocytes and can elute from them either spontaneously or through 
the  action of RDE.  Sedimentation  of the  non-infectious  HA in  sucrose gradients 
has indicated  that it consists of particles  of the same or of similar size as infectious 
"standard" virus. 
These  foregoing findings,  presented  elsewhere  in  detail  (1,  2),  have led  to 
the belief that the hemagglutinating principle is a product of viral multiplica- 
tion  in  mouse  brain.  More  direct  support  for  this  interpretation  has  been 
sought in electron microscopic studies  which will  be described in  this paper. 
The microscopic appearance of normal influenza particles was compared with 
that of non-infectious virus isolated from mouse brain and  that of function- 
ally  similar,  "incomplete"  virus  particles  obtained  from  chick  embryos  ac- 
cording to the method of yon Magnus (3). 
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Materials  and  Methods 
Virus Strains.--The egg-adapted strains PR8 and WS of influenza virus type A and Lee of 
type B have been maintained in this laboratory by means of frequent allantoic passages. The 
neurotropic WSN strain is the one originally adapted to mouse brain by Francis and Moore 
(4).  It has been subjected  to  additional intracerebral passages in mice and to  occasional 
branch passages in eggs. 
Receptor-Destroying Enzyme of V. ¢holerae (RDE).--Strain 35A3  (Inaba) of  V. ¢holerae, 
originally obtained from the National Institutes of Health, was grown for 16 to 18 hours at 
36"C. in beef heart infusion broth. Berkefeld N  filtrates served as source of RDE.  Such fil- 
trates, in dilution 1:64 to 1:256, prevented agglutination of fowl erythrocytes by 4 hemag- 
glutinating (HA) units of PR8 or Melbourne indicator viruses. 
Virus Titrations.--Infectivity tltrations were done by inoculating ten-fold serial dilutions 
of test materials into groups of ll-day-old eggs. Dilutions were made in saline containing 10 
per cent heat-inactivated (56°C.  for 30 minutes), Seitz-filtered, normal rabbit serum. Allan- 
toic fluids (AF) were harvested after 44 hours' incubation at 36"C. and tested for HA. Titers 
were estimated on the basis of HA production and are expressed as IDm per gram of tissue 
(wet weight) or per milliliter of fluid. 
Hemagglutinin titrations were carried out by adding 0.5 ml. of a 0.4 per cent suspension of 
fowl erythrocytes to 0.5 ml. of each serial two-fold dilution of test material. All dilutions were 
made in saline or, when the test material contained RDE, in saline containing 2 per cent so- 
dium citrate (citrate saline). Each tube in such tests contained an average of 1.5 X  107  cells 
per ml. The tests were read as soon as the ceils in control tubes had settled in a dearly  de- 
marcated button, usually after 45 to 60 minutes. Agglutination was read as either complete 
or partial, with partial agglutination usually limited to a  single tube. The end-point was 
either the highest dilution giving complete HA or the logarithmic mean between the highest 
dilution giving partial HA and the next lower dilution. Titers are expressed as the log of the 
reciprocal of the end-point dilution. 
"Standard Passages".mVirus  designated as "standard" was derived  from eggs inoculated 
into the allantoic cavity with 0.2 ml. of infected allantoic fluid diluted 10  "-6. Eggs were inocu- 
lated on the llth day of incubation. Allantoic fluid or chorio-allantoic membranes (CAM) 
were harvested after 40 to 44 hours' incubation at 36°C. 
Production of Non-lnfectious  PRg Virus in Eggs.--Virus consisting largely of non-infec- 
tious HA was obtained by inoculating 0.5 ml. of undiluted, infected AF into the allantoic 
cavity of 12-day-old chick embryos. Fluids and CAM's were harvested  after 17 to 18 hours' 
incubation and were transferred undiluted to other eggs, and so on in series. Virus suspensions 
obtained in this manner resembled those described by yon Magnus (3), in that the IDm/HA 
ratio shifted from about 6.0 log to 3.0 log or less after three or four "undiluted passages." 
Production of Non-Infectious  Virus in Mouse Brain.--Swiss mice, 4 to 8 weeks old, were 
inoculated intracerebrally with 0.03 ml. of virus-containing material, usually undiluted AF. 
At intervals ranging from 3  to 72 hours after inoculation, the animals were exsanguinated 
under chloroform anesthesia, and their brains were harvested. 
Extraction of Virus from Chorio-Allantoic Membranes and Mouse Brains.--In order to free 
viral particles of tissue components and to concentrate them from preparations of initially 
low HA titers, virus was adsorbed on and eluted from fowl erythrocytes. Prior to this, hem- 
agglutination inhibitors present in the organs were inactivated by treatment with RDE  to 
facilitate combination of viral particles with red cells.  RDE was also used as the eluting me- 
dium because the rapidity of its action in removing virus from red cells eliminated the need 
for prolonged additional incubation at 37"C. For standard use, the following procedure was 
adopted: CAM's or mouse brains (MB) were ground up in three volumes (volume/wet weight) 
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hours. Centrifugation in an International centrifuge at about 2,000 R.1,.~. yielded the materials 
designated as "crude extracts." For further extraction, one-third volume of 4.5 per cent fowl 
erythrocytes in 3 per cent citrate saline was added to the crude extract. The mixture stood 
for 1 hour in an ice bath to allow adsorption of virus on the cells: After centrifugation in the 
cold, the cells were washed twice in cold saline. Finally, they were resuspended in a reduced 
volume of RDE and incubated for 1 hour at 37°C. This led to quantitative elution of virus 
adsorbed on red cells.  When further concentration was desired, the "RDE-eluate" was spun 
for 1 hour at 13,000 to 18,000  R.p.x¢. in a  Spinco centrifuge (40 rotor), and the sedimented 
virus was resuspended in the desired volume of beef heart infusion broth, saline, or distilled 
TABLE I 
Extraction and Concentration  of Non-Infectious Hemagglutinin from Mouse Brain after 
Intracerebral Inoculation of Influenza Virus, WS Strain;* Role of RDE in 
Unmasking Hemagglutinin 
Sample 
Crude extract~ 
Non-adsorbed HA after separation of red cells 
Wash fluids I  and II pooled 
RDE-eluate, 8 times concentrated 
Sediment after centrifugation of RDE-eluate at  13,000  R.P.~. 
for  1 hr., resuspended in saline 
Log HAtiter 
Fraction A~  Fraction B$ 
1.95  <0.60 
<0.30  <0.30 
<0.30  <0.30 
2.85  n.t.§ 
3.00  0.75 
Since 25 per cent mouse brain suspension (crude extract, fraction A) had an HA titer of 
10  -1-~5, 1.0 gm. of brain tissue contained 10  ~.Ss HA units. The egg-infectious titer was 104.° 
IDb0 per gm. Hence, IDs0/HA  ---  101.45. 
* Inoculum: "standard" allantoic fluid 10 X  concentrated. HA titer 10  -s.e. Mice sacrificed 
20 hours after inoculation. 
~: Crude extracts: fraction A, 92 brains, 25 per cent suspension (V/W) in RDE. 
"  B, 10  "  25  "  "  "  "  "  saline. 
Further processing of both fractions by adsorption-elution and  centrifugation was carried 
out in parallel as described in text. 
§ Not tested. 
water.  Sometimes high speed centrifugation was repeated. An example illustrating the im- 
portance of RDE in facilitating extraction of HA by adsorption on red cells is given in Table I. 
Crude extracts and "RDE-eluates" were prepared in the same manner from tissues not 
infected with influenza virus and also from artificial mixtures of standard virus with normal 
mouse brain. A variety of control preparations of this sort showed the kind of particles which 
could be considered as non-viral. 
Preparation of Specimens for Electron Microscopy.--The main problem was to differentiate 
non-specific tissue components from viral particles. A good method/or this purpose proved 
to be that described by Dawson and Elford (5) in which virus is examined after adsorption 
on the ghosts of saponine-lysed fowl erythrocytes. 
To a  10 per cent suspension in 0.85 per cent NaC1 of freshly obtained, washed erythro- 
cytes, 1/50 volume of a 5 per cent solution of "toxic" saponine was added. Hemolysis occurred 
rapidly. The lysed cells were washed four times in large volumes of physiological saline solu- 
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wash fluid was entirely colorless. The sedimented  cell ghosts were resuspended  in 0.85 per 
cent NaCl solution to a concentration of 2 per cent. Such suspensions contained 6 to 8 X 
107 cells per mi., as determined in a hemocytometer. 
To 3.0 mi. of the cell suspension was added 3.0 mi. of virus-containing  (or control)  mate- 
risl. If the material contained RDE, the cell ghosts were suspended in 2 per cent citrate saline. 
The mixture stood in the refrigerator at 2°C. for 1 hour to permit adsorption. It was then 
spun for 5 minutes at 800 to 1,000 It.P.M. in a centrifuge  refrigerated at 8-10°C.  The sedi- 
mented ghosts were resuspended  in 12.0 ml. of saline solution containing 0.I per cent OsO4 
or 2 per cent formalin. Fixation was allowed to proceed for 15 minutes under refrigeration. 
After fixation, the laked cells were washed four to five times in 12 ml. volumes of double dis- 
tilled water, again in a refrigerated centrifuge.  The final suspension was diluted in distilled 
water so as to be of barely noticeable turbidity. Droplets of this suspension were dried on 
grids covered with formvar (polyvinyl formal, Shawinigan Products Corp.)  or collodion. The 
former proved to be preferable. 
Shadowing was done with chromium or, in a few cases, with uranium or palladium, usu- 
ally at an angle of 11°32  '. 
F_Jearon  Microscope.--Most  of the work was done with an RCA instrument, Model EMU, 
at the Squibb Institute for Medical Research, New Brunswick,  New Jersey. Later, we had 
access to an RCA instrument at Mount Sinai Hospital, New York.  1 
EXPERIMENTAL 
Electron Microscopy of Non-Infected Organ Exlracts and of Standard 
Preparations of Influema  Virus 
Others who have studied the morphology of influenza particles adsorbed on 
laked erythrocytes have used allantoic fluid as a  source of virus (5-7).  Since 
our  non-infectious virus  was  obtained  from  extracts  of  tissues  by  means  of 
adsorption on red cells, we first looked to see what sort of particles might be 
adsorbed  on  cell  ghosts  from  non-infected  mouse  brain  or  CAM.  Typical 
examples of the results are shown in Figs. 1 to 3.  Red cell ghosts exposed to 
extracts of organs not infected with influenza virus, even if infected with an- 
other virus  (Western equine  encephalomyelitis, Figs.  1  and  2),  were  normal 
in appearance.  Particles which  might  be  interpreted as virus-like were  occa- 
sionally seen (Figs. 2 and 3), but they were far too few to cause any concern 
(see below, Table II). 
A  few  examples  of  standard  virus  adsorbed  from  allantoic fluid  are  pre- 
sented in Figs. 4  to 7,  14,  16,  and 20  to provide a  basis for comparison with 
particles derived from  CAM  or MB.  Included are particles which  had  been 
subjected to a  cycle of adsorption on  and  elution from red cells followed by 
high-speed centrifugation  (Fig. 6)  or which  were  adsorbed on  laked red cells 
1 We wish to express our appreciation to Dr. A. F. Langlykke of the Squibb Institute for 
Medical Research, and to Dr. Gregory Shwartzman, Department of Microbiology, Mount 
Sinai Hospital, New York, for their generosity in putting electron microscopes and able tech- 
rdcal assistance at our disposal. Our sincerest and personal thanks go to Mr. J. J. Oskay of 
the Squibb Institute and to Miss Louise Leonard of Mount Sinai Hospital, whose skill, inter- 
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from an artificial  mixture of infected standard AF with crude extract of nor- 
real mouse brain in RDE (Fig. 7). 
In all instances, the majority of discrete particles were uniformly spherical. 
Their surface was smooth. In unshadowed specimens,  the viral particles ap- 
peared sharply outlined and homogeneous in density. Filamentous forms, ab- 
sent in PR8 and Lee, were prominent in WS and WSN preparations (Fig.  5). 
Particles  from WSN- and  WS-infected al/anto/~ membranes,  isolated by ad- 
sorption-elution and high-speed centrifugation (Fig. 8), resembled those found 
in corresponding allantoic fluids. Thus, the appearance of standard viral par- 
tides was not affected by the method of extraction from tissue suspensions. 
Electron Microscopy of Non-Infectious ttemagglutinin  Derived from 
Embryonated Eggs 
Viral  yields containing  predominantly  non-infectious virus  (low  ID60/HA 
ratio) were obtained by egg-to-egg  transfer of undiluted allantoic fluid accord- 
ing to the method of yon Magnus (3), as described under Materials and Meth- 
ods. We examined this type of "incomplete" virus in order to make a direct 
comparison with the non-kLfectious form from mouse brain.  Comparable con- 
ditions were assured by subjecting AF and CAM of eggs from standard and 
"undiluted" passages to the same treatment as was used for isolation and con- 
centration of viral particles from mouse brain (of. Table I). 
An inoculation schedule was arranged which made it possible to harvest on the same day 
fluids and membranes from a "standard" passage and from five consecutive "undiluted" pas- 
sages of PR8 virus. This assured use of identical reagents and methods in further processing. 
To each fluid and membrane  suspension, an equal volume of RDE was added. After  incubation 
at 37°C. for 1 hour, adsorption and elution were carried out as described. The einted virus was 
readsorbed on hemolyzed erythrocytes and examined after shadow-casting. 
The essential findings  are illustrated in Figs.  9 to 11. These are pictures of 
the virus from the CAM of eggs in the "standard"  passage  (ID60/HA ratio 
6.35 log) and in the first and second "undiluted" passages (ratios 4.4 and 2.0 
log,  respectively). It is seen that  "standard"  particles are uniform and pre- 
dominantly  spherical.  They are set off from  the red cell  membrane  as dis- 
crete, well defined entities. In contrast, "incomplete" particles from undiluted 
passages are poorly defined and appear as fiat, empty membranes of widely 
varying diameters.  They give the impression  of particles in a  state of disin- 
tegration.  Micrographs  of  the  corresponding  allantoic  fluids  suggest similar 
differences. 
Electron Microscopy of Non-Infectious Hemagglutinating Particles Derived 
from Infected Mouse Brain 
The data shown in Table I  illustrate  how the use of RDE facilitated the 
concentration  of viral  hemagglutinin  from  mouse  brain  infected  with  non- 208  INFECTIOUS  AND  NON-INfECTIOUS FORMS  OF  INFLUENZA  VIRUS 
neurotropic  strains  of influenza  virus.  Electron  microscopy of such  concen- 
trates  revealed  particles  in  mouse  brain  harvested  at  18  to  72  hours  after 
inoculation of PR8, WS, or Lee, but they differed in appearance  from stand- 
ard  virus particles.  Typical examples are  shown in  Figs.  12,  13,  and  15.  In 
contrast to the compactness and uniformity of standard particles,  those from 
mouse brain  consisted largely of pleomorphic,  flattened  bodies which  varied 
widely in  diameter  (see below) and  which  had  a  rough  or granular  surface, 
sometimes mulberry-like  in appearance.  Occasional particles,  200  to 300 m# 
in diameter,  looked like "doughnuts"  or empty sacs,  while others resembled 
normal  virus particles  (see Fig.  13).  Particles  of the  sort  shown  in  Figs.  12 
and  15 were commonly encountered  and  were strikingly  similar  to  virus re- 
covered from aUantoic membranes of "undiluted passages" in eggs. 
The over-all impression gained from these micrographs was one of disorder- 
liness, heterogeneity, and disintegration,  an impression accentuated by inspec- 
tion of unshadowed specimens (Figs.  17 to 19). Here, the density of particles 
was so low that  it was difficult to bring  them  into  focus (Fig.  17).  Sharply 
defined,  punched-out,  round  opacities of the  type characteristic  of standard 
virus (Figs.  16 and 20) were absent. Instead,  some of the particles seemed to 
have a  dense inner  core surrounded  by a  halo of intermediate  density, while 
others  lacked  the  core  and  appeared  as  faint  rings.  In  occasional  pictures, 
clusters  of minute  granules,  about  10 m/~ in  diameter,  of very high  density 
seemed to be associated with viral particles (Figs. 18 and 19). It is likely that 
they  could  be  seen  only  when  the  electron  microscope  was  focused on  the 
proper plane and that discrete granules of this size could not be discerned on 
shadow-cast specimens because they would be masked by the granularity  of 
the red cell membrane  itself. 
In  this  connection,  when HA,  isolated  from  mouse brain  by  adsorption- 
elution and high speed centrifugation,  was examined directly, i.e. without re- 
adsorption on red cell ghosts, viral particles were seen enmeshed in a network 
of fine granular  material  (Fig.  21).  Similar  pictures  were  obtained when  ex- 
tracts of infected allantoic membranes were  examined directly,  but not with 
normal MB or CAM. It is not known whether this material  is cellular debris 
or a more specific component of infected tissues. 
The  essential  features,  then,  which  distinguish  non-infectious,  hemagglu- 
tinating  particles  isolated  from  mouse  brain  from  standard  virus  recovered 
from allantoic  fluids or membranes  are  (a)  lack of uniformity and  compact- 
ness, and reduced density;  (b)  high proportion of particles of relatively large 
diameter;  (e)  frequent absence of spherical  character  and appearance  of fiat, 
bag-like particles with rough surfaces. 
Particle  Measurements  of "Standard"  and of Non-Infectious  Virus 
The  qualitative  differences between infectious standard  and non-infectious 
particles  of influenza  virus can be expressed objectively in  terms  of particle GEORGES  H.  WERNER  AND  R.  WALTER  SCHLESINGER  209 
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I  (A)  (B)*  (C)~  J (D)§  (E)II  ..(F)~J 
I 
Av  No. of  I  rartl.  Time of  ^:'er- Iparti-I No. of  cle/ 
Mate-  Passage from which  harvest  No. of  cell  .. s~ .t  cles  psrti-  rial  derived  after  Method of preparation  ~o. oz  r  HA  rti-  ratio 
ino~u~-  p~ti-]  ~  ~[es  ad-  titer  ~  per  at 
"~'~  HA unit  HA  tlon  eC~es, I  cell  sorbed  per ml. 
P  ~  ghost  end- 
point 
-  i 
krs.  X  10  t°  ×  107 
E7 standard  40-48  Native  7.7  1,150  4.0  1,420  2.8  1.9 
Ell  "  40-48  "  9.4  1,410  4.9  1,420  3.4  2.30 
El0  "  40-48  "RDE-eluate"  centrifuged  1  hr.  at  2.3  335  1.1  1,280  0.89  0.60 
15,000  R.P.~.  Sediment  resuspended 
in broth,  i 
AF  E14  "  40-48  AF  1:2  in  saline plus equal volume of  2.3  335  1.1  25~  4.5  3.00 
RDE 1:2 in saline, 2 hrs. at 37°C. 
40-48  AF 1:2 in  saline plus equal volume of  1.5  225  0.78  17~  4.4  2.90 
1:8  normal MB  suspended  in  RDE- 
saline,  2 hrs.  at  37°C. 
CAM  E7 standard  40-48  "RDE-eluate"  centrifuged  1  hr.  at  3.5  52~  1.8  450  4.1  2.70 
15,000  R.1,.u.  Sediment  resuspended 
in distilled water. 
E10-MI  20  "RDE-eluate"  centrifuged  90  min.  at  2.1  31~  1.1  1,280  0.85  0.57 
18,000  a.X,.u.  Sediment  resuspended 
in broth. 
MB  E18-M1  18  "RDE-eluate"  plus  equal  volume  of  1.7  252  0.93  640  1.4  0.98 
saline. 
"  18  "RDE-eluate"  plus  equal  volume  of l  1.3  195  0.67  640  1.0  0.71 
0.01  u  KI04 
"  18  "RDE-eluate"  centrifuged  1  hr.  at  2.0  300  1.0  450  2.3  1.50 
15,000  l.p.u.  Sediment  resuspended 
in saline. 
AF 
MB 
AF 
MB 
CAM 
MB 
i 
~shadowed  2.8  420  1.4  1.0  0.69 
E20 standard  40-48  Native I un-shadowed  3.0  450  1.5  1,420  1.1  0.74 
E20-MI  72  "RDE-eluate"  1.5  225  0.78  900  0.87  0.59 
E22-Ml  3  "  0.34  51  0.18  224  0.81  0.55 
"  20  "  1.2  180  0.63  900  0.71  0.48 
"  72  "  1.1  165  0.58  i  900  0.65  0.44 
•  Lll--  ~  I 
NativefShadowed.  1.8  270  0.93  1,420  0.66  i 0.45  E20 standard  4O-48 
I.un-shadowed  1.8  270  0.93  0.66  I 0.45 
I i.  iI  I 
Normal AF inocu-  18  "Crude SNI"  0.07  0.03  01  --  [  -- 
lated  intracere- 
brany  [ 
Normal 13-day-  --  "RDE-einate"  centrifuged  1  hr.  st  0.04  0.02  0 
old eggs  15,000  n.P.~.  Sediment  resuspended 
in HsO (5 times concentrated volume  ! 
/wet weight). 
0.05  0 
I 
Stock passage  43-45  Brains  harvested  when  mice  showed  0.1 
definite signs of encephalitis. "RDE- 
eltutte" 5 times concentrated volume/ 
wet weight.  l 
* B  -- A  X  150 (see text). 
:~ C  =  B  X  3.5  X  107 (see text). 
§ D  m  log of reciprocal of virus dilution giving typical HA pattern in I  ml. of mixture with 1.5 X  107 red cells. 
C  aE -~. 
E 
¶F-~. 
i.$ X  107 
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diameters. Distribution curves of diameters for various kinds of WS particles, 
presented  graphically in  Text-fig.  1,  bear out what  is clear on inspection of 
the  micrographs, namely that  non-infectious HA from mouse brain  appears 
far less uniform than  standard  virus  isolated  either  from AF  or CAM.  The 
discrepancies are greatest in the range of diameters in excess of 130 rot. Only 
2 per cent of the standard WS particles from AF or CAM, but 37 per cent of 
non-infectious particles  from mouse brain,  measure more than  170  m#.  The 
relationship in the case of PR8 is similar. 
The Relation of Particle  Counts to Hemagglutinating  Activity 
Particle counts were done by subdividing the surface area of representative 
red  cells from a  given preparation  into ~  squares and  calculating  the mean 
number per ~  from a  large number of determinations.  The value  thus  ob- 
tained was multiplied by 150,  150 ~  being the estimated total average surface 
area of a red cell membrane. The number of particles per cell was then  multi- 
plied by the average number of laked cells per milliliter (3.5  X  107) to obtain 
the number of viral particles adsorbed out of 1 ml. By relating this  figure to 
the HA titer,  it was possible to determine the number of viral particles con- 
stituting  one HA unit.  As shown in Table II, 18  such measurements on dif- 
ferent kinds of samples yielded values of 0.65  X  107 to 4.5  X  107. One HA 
unit was defined as the highest dilution of virus which gave a  visible pattern 
of agglutination in 1 ml. containing an average of 1.5  X  107 red cells. Hence, 
the  particle/cell  ratio  at  the end-point  ranged from 0.44  to 3  (mean:  1.2). 
Variance of such  an order  is not  surprising in  a  system involving many in- 
herent  sources  of error  and  it  seems justified  to  conclude  that  at  the  end- 
point visible agglutination is caused by one viral particle per red cell. ~ 
The data shown in Table II reveal that  the particle/cell  ratios calculated 
for non-infectious HA from mouse brain fall closely in line with those found 
for  infectious  standard  influenza  viruses.  This  indicates  that  the  non-infec- 
tious variety is a  morphological unit equivalent to the morphological unit of 
the infectious virus. When brains were harvested at 3, 20,  and 72 hours after 
inoculation  of standard  PR8  virus,  the rise  in HA was paralleled by an  in- 
2  Included in Table II are counts performed on three different control preparations which 
yielded 6 to 15 particles of some sort per cell. On the basis of calculations presented above, 
virus specimens having HA titers of less than 1:32 would yield about the  same number of 
particles per cell. Hence, it is not surprising that electron micrographs of such preparations 
were not revealing. Repeated attempts were made to obtain good micrographs of WSN par- 
tides from mouse brain. They failed because crude extracts of brains infected with this strain 
had HA titers of the order of 1:32 after digestion with RDE. For reasons which are not alto- 
gether dear, it was not possible to increase the concentration of particles by adsorption and 
elution. Indeed, normal mouse brain, even after intensive treatment with RDE, inhibited 
effective combination between red cells and WSN particles derived from allantoic fluids of 
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crease in number of particles, hence, the ratio remained constant. These con- 
siderations support  the interpretation of non-infectious HA as a  product of 
bona fide multiplication of influenza virus in mouse brain. 
DISCUSSION 
The present investigation had three main purposes: (a)  to discern the mor- 
phological entity which could be  identified with the hemagglutinating prin- 
ciple isolated from mouse brains after intracerebral inoculation of non-neuro- 
tropic strains of influenza virus, (b) to find out whether or not the rise in HA 
titer  in  such  brains  was associated with a  parallel  increase  in  recognizable 
virus-like particles,  (c)  to compare the morphology of non-infectious HA de- 
rived from mouse brain with that of functionally similar, "incomplete" influ- 
enza virus obtained from chick embryos according to the procedure described 
by von Magnus (3). 
The evidence which had led to the belief that the non-infectious HA was a 
product of viral multiplication in brain tissue rather than of disintegration of 
the inoculated virus into smaller units has already been recapitulated. If the 
observed rise in HA activity, which has been estimated to be of an order of 
400-fold (2), were associated with disruption of the seed virus, then the physi- 
cal mass of the HA unit should be significantly less than that of the infecting 
viral  particle.  Similar  considerations  apply  to  the  genesis  of  "incomplete" 
influenza virus  in  allautoic fluids of undiluted passage  series.  According to 
Gard et al.  (8),  the latter form can be differentiated from standard virus by 
virtue of its slower rate of sedimentation. For the non-infectious HA in mouse 
brain, Schlesinger reported (1)  that it sedimented in sucrose gradients at the 
same rate as standard virus. 
The finding that both kinds of non-infectious virus present themselves after 
shadow-casting as larger, not smaller, than standard particles does  not  con- 
flict with the data on sedimentability. Under the conditions described above, 
ordinary particles, whether derived from AF or CAM, retained their uniform 
spherical  structure, while the non-infectious forms appeared  in a  variety of 
poorly defined shapes. No comparable qualitative  differences were found by 
Gard et al.  (8)  to exist between native allantoic fluids derived from standard 
and  "undiluted" passages  of PR8  virus.  In  our experiments,  the  virus was 
subjected  to  several  preparative  steps  before  adsorption  on  red  cell  mem- 
branes.  It  is  conceivable that  this rigorous  treatment may have  taxed  the 
resistance of particles to the drying process to a  point at which normal par- 
ticles did, but non-infectious ones did not, retain  their structural integrity. 
This is suggested particularly by the low and uneven electron density of par- 
ticles from mouse brain found in electron micrographs without  shadow-cast- 
ing, a point which has not yet been investigated with respect to the "incom- 
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that the individual particle adsorbed on red cell ghosts  from non-infectious 
preparations is far too large to support the argument that the rise in HA may 
have resulted from disintegration of infectious particles  in the seed inoculum. 
Bearing in mind the reservation that the morphological  characteristics  of 
non-infectious influenza particles  here described may have been influenced by 
the treatment to which  they were subjected,  their apparent resemblance  to 
elements  which  have been interpreted as developmental stages of other vi- 
ruses  deserves brief comment. The "doughnuts" of bacteriophages  described 
by Levinthal and Fisher  (9)  are not adsorbed  on host bacteria and do not 
absorb  phage-nentralizing  antibody (10). In this respect,  they are less differ° 
entiated than non-infectious  forms of influenza virus appear to be.  Nothing 
is known about the biological activities associated  with different intracellular 
forms of vaccinia,  ectromelia,  or molluscum  contagiosium  viruses  described 
by Gaylord and Melnick  (11). The fact that some of these forms  and the 
"abnormal" particles shown in this paper have a certain superficial resemblance 
does not imply that they are comparable  in any other way. Although non- 
infectious  forms have been  generally referred to as "incomplete," the infer- 
ence that they are particles whose development has been arrested prematurely 
(12) does not seem to be justified so long as it has not been shown that normal 
particles  of influenza virus, in the course of their development,  go through a 
comparable  stage  (2). The electron  microscopic findings here presented fur- 
nish  added  evidence  that  a  difference  exists  between  infectious  and  non- 
infectious particles  but they do not explain the nature of this difference. 
Particle counts have revealed that normal and abnormal elementary bodies 
are equivalent as far as their ability to combine with red cells is concerned. 
Within the limits of technical accuracy, the end-point of hemagglutination in 
pattern tests corresponds reasonably well to that virus dilution at which the 
particle/red ceU ratio equais one. This conclusion is in accord with early calcu- 
lations by Friedewald and Pickels  (13) for tests by the densitometric method, 
and with recent findings obtained by Donald and Isaacs (14) who correlated 
electron  microscopic particle counts with pattern HA titers for standard as 
well as "incomplete" forms from aLlantoic fluid. In studies recently published, 
Levine, Puck, and Sagik  (15) described  an "absolute hemagglutination titra- 
tion"  based  on  the  photometric determination of  the  numbers  of  dimers 
formed in mixtures of red cells and very dilute virus suspensions. The number 
of particles thus found in a given suspension corresponded well with electron 
microscope counts but was 20 to 50 times lower than the number calculated 
from parallel  pattern tests would be if the particle/cell ratio were assumed to 
be one at the end-point.  However, the fact that the IDs0/HA ratios calculated 
from the figures given by Levine et a~. range between  10  +.s and 106.6, instead 
of the commonly reported mean of 10  u  (16), suggests that such apparent dis- 
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pattern  tests. On the other  hand, the  same  authors  concluded on the basis 
of their "absolute" calculations that a red cell has a maximum of 300 attach- 
ment sites for virus (17). This conclusion does not seem to tally with actual 
counts of attached particles performed by others  (5)  and by ourselves. 
The data here presented indicate that the number of particles in a  given 
virus suspension can be estimated with considerable accuracy by relating the 
HA titer in a  pattern test to the number of red cells employed and that in 
this  respect  standard  virus  derived  from eggs  and  non-infectious virus  ob- 
tained from mouse brain are comparable. 
SUMMARY 
Electron microscopic study has revealed the morphological entity responsi- 
ble for the rise in viral hemagglutinin observed in brains of mice after intra- 
cerebral  inoculation of non-neurotropic  strains  of influenza virus.  This  rise 
in hemagglutinin, although dependent on inoculation of fully infectious virus, 
is not associated with an  increase  in infectious titer.  The hemagglutinating 
principle is functionally similar to  the "incomplete" influenza virus which can 
be  obtained from chick  embryos by serial  egg-to-egg transfer of undiluted, 
infected aUantoic fluid according to the method of von Magnus. 
A method has been described which facilitates selective adsorption of viral 
particles  recovered  from  organ  extracts  on  saponine-lysed  ghosts  of  fowl 
erythrocytes. This procedure has been utilized in studying the morphology of 
non-infectious, hemagglutinating virus  from  chorio-allantoic  membranes  or 
mouse brains  and in  comparing these  two forms with each  other and with 
ordinary, infectious (standard) influenza virus. 
Standard virus isolated from allantoic fluids or membranes of infected eggs 
was found to contain uniform particles of predominantly spherical shape with 
smooth surface and even density, resembling those described by others. The 
appearance of such particles was not affected by the procedure of extraction 
and concentration used. 
In  contrast,  non-infectious, hemagglutinating virus  obtained  either  from 
allantoic sacs  ("undiluted passages")  or from mouse brain was pleomorphic 
and seemed to consist of disintegrating particles. The majority appeared flat- 
tened and bag-like and had a  rough, granular surface and reduced, uneven 
density. 37 per cent of the non-infectious particles isolated from mouse brain 
infected with the non-neurotropic strain WS had diameters in excess  of 170 
m~, as compared with only 2 per  cent of the particles of the parent strain 
itself. 
Regardless of whether or not the contrast in appearance of standard and of 
non-infectious particles  was  due  to  differing resistance  to  the  preparatory 
treatment,  it  indicated the existence of basic  structural differences between 
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Correlation  of particle  counts  with  hemagglutinin  titers  has  shown  that 
the non-infectious virus obtained from mouse brain is, unit for unit, an equiva- 
lent counterpart  of standard  virus derived from infected eggs. The end-point 
of hemagglutination  in a pattern test corresponds for both forms to that dilu- 
tion at which the ratio virus particles/red ceils approaches one. The quantita- 
tive data based on particle counts support the assumption that non-infectious 
virus arises in mouse brain as a product of viral multiplication. 
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EXPLANATION OF PLATES 
P~  18 
FIG.  1.  Red  cell  ghost exposed  to  "RDE-eluate"  of mouse brain  infected  with 
Western equine encephalomyelitis virus. No virus-like particles are visible.  The cell 
membrane appears  transparent.  Bands are  due  to folding. N,  nucleus of red cell. 
Unshadowed.  ×  8,500. 
l~G.  2.  Same preparation as used in Fig.  1. Note single "doughnut-shaped" par- 
ticle  (arrow).  Chromium-shadowed. ×  12,300. 
FIG. 3.  Normal aUantoic membrane. An "RDE-eluate" was purified by 2 cycles of 
centrifugation at  15,000  R.P.M. for  1 hour. The final sediment  was resuspended  in 
distilled water in a volume equal to one-fifth the wet weight of the original membrane. 
See Fig. 8 for comparison.  Chromium-shadowed.  ×  ll,800. 
FIG. 4.  PR8 standard allantoic fluid,  native.  Chromium-shadowed.  ×  7,900. THE  JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL. 100  PLATE  18 
(Werner and Schlesinger: Infectious and non-infectious forms of influenza virus) PLATE 19 
F~G.  5.  WS  standard  allantoic  fluid,  native.  Chromium-shadowed.  ×  11,800. 
FIG.  6.  WS  standard  allantoic fluid.  "RDE-eluate"  centrifuged  for  1  hour  at 
15,000 R.P.M. Sediment resuspended in broth. Chromium-shadowed. X  11,800. 
FIG. 7.  WS standard allantoic fluid, mixed with 3 parts of crude 25 per cent normal 
mouse  brain suspension in RDE.  Virus particles  adsorbed  on  cell ghosts without 
purification. Chromium-shadowed. X  11,800. 
FIG.  8.  WS standard allantoic membrane. An "RDE-eluate"  was  purified  by 2 
cycles  of centrifugation at  15,000 R.P.~.  for  1 hour.  Final sediment resuspended in 
distilled water in a volume equivalent to one-fifth the wet weight of the original mem- 
branes. Compare this with Fig. 3 for normal CAM extract prepared in parallel and 
adsorbed  on aliquot of  the  same  suspension of  laked  RBC.  Chromium-shadowed. 
X  11,800. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 100  PLATE  19 
(Werner and Schlesinger: Infectious and non-infectious forms of influenza virus) PLATE 20 
FIG. 9.  PR8 standard passage, AUantoic membrane. "RDE-eluate" with an IDa0/ 
HA ratio of at least  106.35. Palladium-shadowed.  X  11,800. 
FIG. 10.  PR8 first "undiluted passage." Allantoic membrane. "RDE-eluate" with 
ID~0/HA ratio of  1@ .4. Palladium-shadowed.  X  11,800. 
FIG.  11.  PR8  second  "undiluted passage."  Allantoic membrane.  "RDE-eluate" 
with IDs0/HA ratio of  102. Palladium-shadowed.  X  11,800, 
FIG.  12.  WS-infected mouse brain harvested  18  to  20  hours  after  intracerebral 
inoculation of  WS  standard  allantoic fluid.  "RDE-eluate"  centrifuged at  18,000 
l~.l,.m, for 90 minutes. Sediment resuspended in nutrient broth in a  volume equiva- 
lent to two-fifths  the wet weight of the original mouse brain. Chromium-shadowed 
X  11,800. THE  JOURNAL  OF  EXPERIMENTAL  MIEDICINE VOL. 100  PLATE 20 
(Werner and Schlesinger: Infectious and non-infectious forms of influenza virus) PLATE 21 
FIG. 13.  WS-infected mouse brain harvested 18 hours after intracerebral inocula- 
tion of WS standard allantoic fluid. "RDE-eluate" centrifuged at  18,000  R.P.•.  for 
1 hour.  Sediment resuspended in  0.85  per cent NaC1.  Arrow points  to  chain  of 4 
"normal" particles. Compare with Fig. 14 which shows "Standard" WS virus at same 
magnification. Chromium-shadowed. X  19,000. 
FIC. 14.  WS standard allantoic fluid, native. Same preparation as Fig. 5, showing 
small fragment  of red  cell membrane.  Note  uniformity,  compactness,  and  smooth 
surface architecture of virus particles. Chromium-shadowed. X  19,000. 
FIG. 15.  PR8-infected mouse brain harvested 1 day after intracerebral inoculation 
of  PR8  standard  allantoic  fluid.  Purified  "RDE-eluate."  Uranium-shadowed.  × 
19,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  100  PLATE  21 
(Werner and Schlesinger: Infectious and non-infectious forms of influenza virus) PLATE 22 
Fro.  16.  PR8  standard  allantoic fluid, native.  Same preparation as  Fig. 4.  Un- 
shadowed.  X  9,500. 
Fro.  17.  PR8-infected  mouse  brain  harvested  3  days after  inoculation of  PR8- 
standard allantoic fluid. "RDE-eluate." Note poor contrast, dense cores with halos 
of intermediate density. Unshadowed.  X  15,300. 
FIG. 18.  Same preparation as Fig. 17. Fine granular clusters are visible in addition 
to larger virus particles. See text. Unshadowed.  X  19,700. TIIE JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  100  PLATE  22 
(Werner and Schlesinger: Infectious and noninfectious forms of influenza virus) PLATE 23 
FIG.  19.  Detail of Fig.  18.  X  44,460. 
FIG. 20.  PR8 standard allantoic fluid, native. Detail of Fig  16 illustrates contrast 
to Fig. 19.  X 42,750. 
FIG. 21.  WS-infected mouse brain harvested  1 day after intracerebral inoculation 
of WS standard allantoic fluid.  "RDE-eluate" purified by centrifugation at  13,000 
R.P.M. for 1 hour. Resuspended sediment placed on screen directly. Uranium-shadowed. 
X 38,400. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  100  PLATE  23 
(Werner and Schlesinger: Infectious and non-infectious forms of influenza virus) 